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The biochemistry of viruses.

by G. Schramm.

Organische C.ucmie in ginzeldarsiellunzen, 5: 103-‘107; l§9-29& (l95h).

b) Fusion of vimus il aell.

The cuinges wwrphoiogically visible fler tuc eniry of the virus.
have already becn discusseu. Tue conicction of virus with cortain
cellulur clements was dcuondicated in som: cases chemically. * The in-
fected tissue is rricoionuten in Lhe usual nunner into nuelei, mito-
chondria, jicrosomes, Dpiastz, wuid die fraction to waica ithe virus is
bound is then estiblished. Eriiuaples ol this phenomenon are furaished by
the herpes virus which uccoruing to .ciormann is comnecied %o thie ndto-
chondria. helnick has conuucteu simiinr cxperiments wibtnh polio virus.

It is assumed that the [usion process chonpes nol only thne hest, but

2Lso the penebrating particle. HMuny reasons sumport the assunption bt
the animal viruses also disiatesrate into smller sub~units vrior to .
multiplication. A number of larpger vicuscs of the vaceinis nd psitbu~
cosis groups permits direct ii;ht-wideroscopic obsurvation of thwe w.esicles!
disippearance after infcetion. It is only after o cprtain iubini period
that worphologically. completc virus particles suddenly ccippzar in the
cell. Tnhz smiller viruses of the influenza Lype at Leust offer lhe
structural prerequisites for such a disintegration. Hoyle develonad
concepus of the detaiis of this process (cf. infiuenza Vif”u) In
adriition, Burnet et al. noted that an cxchdngn of genetic I[:ctors is
possible between different striins of inliuenza virus, similar Lo the
interaction of phages. These results were furcher supported by scroiogic
investigations by iirst and lamir. Double infections of chick ewbr ryos
with influenea strains helbourne .nd WSH proguced unsbuble coumbinations
and some that consoliduted the serological oropertics of both sturting
strains througn meny passages. This indicutes that in this virus the
sub-unils arc not quite rigidly tied together, but pessess a certuin
+biiily to disussociate. .ad.itional evideace of a change in penciriting
virus purticles derives from t.uc course of reprouucrion in reiation to
sime, The pnenomenon of the eclipse is founu in all of the cuscs
sxanined to date, in whica the virus activity nhas diminisned w dero or
o un infinitesimal residue.

a special methon taat prevents secondury infecbions aiter vie dis-
integration of the initialliy infecteud cells 1rouuucs 4 one=-stage propuizd=
tiow curve, us in the case cf bacLeriophagcs. The Labent perivd of struin
PR 8 is about 6 hours, that of the Lee strain 3-9 hours. The rate of
propagation 'Jnnot be UstJJLLSHCd wich i saume uert;lnu" 15 in b2 cuse

Sa

precisely known. It is 63-folu for straiu P& b, 36-"o.u {for Loe. A
similar course of the infective process wus observeu by 3Sciv.cer wlwa fiaid
on thne chorio-allintoic memodiune of chick euwbryos iu conmn.cllon Wit ..
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virus of fewl plague. aZber ineclion, virus sarcicles thal ii.d nob
penelratea were removed witn antiscrum. .feer about 4 hours virus
activity had risen sharply by about 3 ceeimal powers (Fiz. 28). Tuis
Jwsp in activity is ewplained besi by assuming that preriously musiced
viruses are suddenly transiormed into active mariicies. Sher e
expiration of Lhe latent perivd tie firsi slage may b2 followss Ly o
second gheep rlse in viral subsiance contudned in tie cygg flula, which
m.y be measureu by HA titer (see Fir. 29). aen aealin:; with tne larger
viruses, the lilent nceriod miy 430 be delermdued microscopicully. 7uble
11 reflects a compiiation of ouserved iimes, vitractou from D.J. .uuer's
tabulation. Tue expul!sion of miture virus pirticles after the “.tent
time does not necessarily cause the iysis of ihe cell, as iu tho case of
bacleria. a5 will be discussed in swre wetail i:u connsciion with
influenza virus, the mature particles wmuy ve cul off from the ceil wall
in the form of protrusions, wiercby thc cell ibselfl is preserved. Teste
by Schiesinger as well as unluccco ard Vogt inuicite thit iniected cells
are able to expulse virus seversl times in succession.

The inactive preliminary stages of the virus formed duriv; the
latent perioa were convincingly demonstratea in connection with the wninul
viruses, The complement {ixation bLest of influenza virus reveals a virus-
specific S anti;yen. The substance has a lower molecul.ir weisht thon bhe
virus proper and miy. be scparsted from the latter oy fructionateu centri-
fugation. The complement-fixing antigen invariably appears whan infection
‘ , i3 carried out with active virus, never in the case of in.ctive virme,
Prior to the fornation of mature virus, aduailtional particles are found
that already possess hemagglutinating properties, but are not yet
infectious. The situation is similar in fowl plague, where the comnlement-
fixing antigen appears first in the infected cells, then the hemig;luci-
nating component and finally the mature virus. (See fowl plarue for ulw
chemical and physicul properties of this intermediary form).

The influence of the animial viruses on the metabolism is not us

ex3ily examined as that of phiges. Several autiiors nave treated the

ffcet of viruses on the respiration of more highly organized cells. as
an example, the investigations of Caspersson and Thorsson are pouinted out.
The 02 consumption in the first haif of the latent period is ot infiuenced
significantly, but it rises distinctly before infectious virus is
demonstrable. The question, whether the virus causes only a revers.l of
metabolism or whetier addiviomul processes are tripggered, cannot be
decided unequivocally. -

Various observations exist of the effect of viruses on enzymatic
metabolism, without leading to an integrated concent, however. Innivitions
as well as activations have been observed. Thus, :nthinoxydase is
increased in the mouse brain after infection with ncuroiropic viruses.
Theiler-virus evokes an innilbition of zlucosc up Lo OX5 In u homoucr.abe
ol brain tissue, which is neutralized by audition of aiphospiioric nyridiae
nucleotide. Since the viruses are dependent in their v loiusicdlon i
an unimpaired nctabolic system of tne sells, it is undersy.:.iole Lind o

:) lower virus propagatioan or incrcased revistance is nobed . Lo andinidds
are in a state of malnutrition. 5. Kulloer, particulurly, sirasses tudls.



2. Viruses of c..cephaliiis.

Pending; further celarificubiion, o serics of viruses are consoli-
dated under this greup uesignution which have failed to reveal '
immunological or serclogical relationsiing, Wit are similar morpholcgi-
cally ami silow a nunber of comuon blolousical properties. They are eusily
transmitbed by insects and suow 70od rooroduction on cnick enoryo tissue.
The fcllowin; viruses are involved:

a) merican equinc encephalitis, westorn siraing

D) i ricun equine cucephalizis, casbcrn strain;

¢) Venezuelan egquine encepnalitis

d) Japanesc U encepialitis and its related strains.

a) Viruses of .merican egquine edacephalitis.

Biological action., Two strains of imerican equine encephalitis
are recognized: The westor.a equine encepnalitis, WEE, and the custern
equine encephalitis, EEE. The viruses are endemic in the USA iu horses
and birds, and may be transmitted vo nmn, causing occasional siall
eplidemics., Natural transmission is by insects. In this case tnae insectls
noL, only act as vectors, but the virus multiplies in them: EEE in .edes
solicitans and WEE in Aedes aegyplti. In addition, other types of insecis
are being suspected, e.g. mites and .erhaps even ticks. Various imv.mails
and insects muy be infected experiumentully; the white mouse permits the
most successful Lransmission. IU is important in experiuent.al iruensmission
that the virus nay be ;rovn on chick embrpos, representing the best
starting material for chemical production. The determinition of btiological
activity is also most convenient with the incubated cuaicken erg. The
plaque technique on tissue cultures used by Dulbecco is also feasible.

'l'o date no serologic or immunologic relationship hus been demoastratcd
between the two strains. a4 distiiict aifferential diagnosis betwecen these
two strains and the pathogens of othcer encephalitides is not possible
ciinically; it must be made by seroloric examinations. The dasmonstration
is bused on the increase in neutralizing and complement~fi:ing antibodies
in the blooa. Two samples of blood are withdrawn, one at the onsci of
illness, the other in the convalescent phase. .. test is made to estubliish
“whetiner the sera are canable of ncutralizing the effect of lnown
comparative strains on the wouse. If tie necutrali.ing effect hss nob .
increased after tie illness, thg, existing antibodies date buck to un
earlier infection. If they ard ausent from botn blood svecimens, the
result is doubtful, since som.-putients do not deveiop antibodies against
the viruses. The demonstration of the virus proper can talie place only
post mortem by removal of brain muleriul anu transilssion to Lie Louse.

It must be remembered that there arg eucephalitlaes, especlually vosit-
vaccinal ones, that are not buscd oty viral eliology. .. specl.ic crerany
of this and other encephalitides is nol known; Lreotment with antlscrwa
after the appearance of the first s lJtOlu\. is sensulesc.

Bastern equine encevhalitis. The "B straifi is more virulent than
WEE. The mortalitly in ihe horse is aigh. and bne symotoms in muu are ulso
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:ﬁgevggz?:gcozge E:;?r a:w?fsf szs two noases. It cegins with headf;ciu.:a
| s er rises steeply aftes < racovery phasc, a6 tie surc
time cramps, .aralyses und edmu of the lcgs amd face are nobed.
rilstolozicaily the discuse cxpresses itself in yronounced das.miciion
and :f.nfla:r,mi;ion of ithe central nervous sysiem. 3Siabty mreent of tae
survivors rebain damages ranging from excessive seusitivity o various
paralyscs,

destern equine encemiwlitis. The WHE sLrain 2S00cis biie sane nost
range as tue EBE strain. The syipleas in nan are somewiil niliacer Lhsn
tuose of EEB, they cunsict of iictd wna amuscle acuas and variors sunsory
distvrtances, peralyses are iuare. The incubavion tiume is 5-10 d2is.
liistoloyically the appeurance is essentially that of meain oenceph:ililis,
tae spinal cord usually is unaffected. The lurgest cpidenic recordsu
encompassed 3,000 pérsons, ol widch $-15% died. ‘The reprowiuctive cyele
of the virus was studled by Dulbecco on a culbture of ciicken iibrobiusus.
A latent peric. os zdout 3 hours was estmblished. The yielud ol virus per
cell fluctuates between a few and 150 particles.

The bioschemical and morphological siudies made by Peard and ds
school revealed that the two strains cainot by differentiaisd by tiiky
structure and that thay possess a few conspicuous comuion propuriices which
have not been found in othcr ~nimal viruses so far investigitud. The
concept that they represaeni two strains of the same virus tacrcfore scems
justified. Perhaps *hs; are related in a similar way as thc cucumber
viruses and TMV, which have tut very few antigenic groups in comuon. It
is conceivable that a serological relation tetween the two strains of
umerican eywine encephalitis cculd be demonstrated by the use of antisera
of very high quality. It seems thut such tesis lave not yet boeen
conducted. :

Production. The production of both strains is similar, Ten Iroeck
and Wyckoff w.re the first to identify a component in chick embrycs
infected with EEE which ghiowed a sedimentation couastant of 245 S in the
ultracentrifuge and proved to be virus-active. WDetailed resecarch wis
cirried out by Beurd and his school. They recommend the rolliowing nro-
cedure for the production of EEE, with uue consideration of the jpoor
stability of the virus at room temperature: . 20F hemogenate from chiick
embryo tissuc is kept in ildnger soliution for 72-956 hours. This lenzohy
extraction is necessary for the destruction of normil protein at 78.7 S,
since subsequent treutment is considurably limited otherwlse. rrosi
extracts hardly permit the separ.iion of the virus protein from the
~1ormil component, since the latter’s concentrution is three tirss us hia.
additional work proceeds in the cold. The crude componcnis are rencved
in an ordinary centrifuge 4nd the exbract is filtered throush cclite
(a form of siliceous earth). The virus is then spun oul by centielrugibion
for 30 minutes at 20,000 RPM (30,000 g).  The sediment 1o s,uausorvea ik
dinger solution and the impurities arc rcmoved by 15 ninul woat 1,000 di.
{his process is repealed Uvdco more, uniil tinally a solation lo QUYL
wiich remains homogeneovus in the uitr:ice.iriiuge anu foom dhica L nomatl
protein mentioned above hag completely whoapoeared.  Thu WES VLICis weq) i
prepared in the sume manner. The ideuvliy o the Lsolil... oooweln wiln
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the virus is establi..eu vy the fuchk bhut l. such 4 protein cu.not be
isoluted from healthy c.br,os after iuentical ireatment, 2. virus
~@uw¢y1 grd¢d.w«Jcem;@mnuu¢tm.mmwu 3. the peobein is
bignly active. The 5Ck nu .oink is locutes abt 10=13.2 2, corresvoinding
to about 250 molecules. Serolo; sical busts for purity apparenily uave not
been carried out to aite.

Size and shape. On eclectrecn-microscope pictures the strains of
equine Cnccphdllbla revesl a vniform spyiierical and olsk-shaned form with
a diareter of about 40 miiii:dcrouns. The nucléus scems more onse ohan
the marginal zone, The contrast ol irradiated oictures is co.nsiderably
improved by the use of CaCl, (Flg. 55). The purified virus oi the ERE
strain sediments with a distinct ound corresvondin: to 265 3 at a con-
centration of about 0.4, Ti sedinentation constant of Wik is s20= 273 S,
thus veing identicul wita that of ELE within the mirgins of error. Th:

frictional ratio according tc messurements of viscosity is f/f5= 2.3.
The partiul specific volume wus established at G.839 in the UYuDOW“ubP-
These two values yiela a molecular we;gnt of 152-10°, The hi:h irictionil
cocfiicient uoes not compare favorably with the spherical form ubserved
through the clectron microccope; this stronz ueviation from 1 cuaunot be
explainza solely by hydration. It must be pointed out tnabt tre rrictional
coefficient of fowl vlague found in our laboratory was also very high.
liowever, after the nreparation hiad been purified electroplioretically, a
much lower value was cobained for the [rictional ratio, corresnondin,; to
the eleclron-microscopic uppearance of the virus. It is possible that tue
high viscosity of the viruses of cquine enccphalitis is also due to im~-
purities. The electron-optical diumeter ¢f 40 rdllimicrons would
correspond to a molecular weiznt of 24+10°.

Chemical action. The viruses of .umericun equine ence pndliula are the
only animal viruses in wiiich no DNA, but only itiin has been demonsirated;
they occupy a special place in this respect. The cntire nucleic acid
phosphorus is present in.the form of A, amounting to 10% of the entire
virus. The high concentration sf lipoid is also notewortuy. The viruscs
consist of a complex of 46% ribonucleoorobeide and 4k4; lipoid. <his, in
turn, contains 6L phosphorus lipoid, 25% cholesterine and 155 fltty acids.
The high lipcid content also explains the relatively large specific volume.

The vir:s is considerably more stable in ilinger solution taan in
NaCl solution. When the salt is recuwoved by dialysis the virus becoies
inactive. The virus is stuable between pH 3 and 5 and bebween 7 and 10.
it pH 5.5 the virus rapidly loses its activity. This inactivation is not
strictly an effect of pH, but is dependent also upon a f:icltor occurriazg
in normal and diseuised embryos. Perhaps an enzime with a ph ontimum at
5.5 is involved. Tests with thc ultracentriluge siiow that the virus
protein remains constant after storage for 3-4 days ot 50 and pi T=5e5.
Above pH 8.5 it decomposes into smallel, non-sedimentadle com:onents,
wnereby the rate of decomposition increcases with pH. Below »ii 7 the
protein tends toward agiregation and finally beconos insoius.e, Tie 0!
stability of the protein und that of virus acuiviiyy coincide.

’ Best Available Copy

B s e —————




i RS N i R RS SRS IR T R St S R AN LR

In UV the virus shows an absorption oand at 260 millix.ucrons.
ilowever, extinction is .not attributable solely to the concentrution of

nucicie acid, since puart of the light diffusion is surely dn.cz.m:.w,

accordin; to experienc? gained in conncction with i The virus is
J.mctlvat.ed by ultraviolet ll,,h'b, althoumh the horm:;encity and sedinentation
constants of trxe pro uem rwnmn unciiaged. .

The vimses of QQUina! cacepit.lizis tolerte itroatment with etihor and
with meirihjolate 1:500. Trese re.ents muy theielorz be used os ora-
servat. . The viruses are also relatively preservable iu 505 gliycocrol
vetween (ui 7.4 and 7.5. The viruses may also be miiatained at a constant
level by freeze-dryiin;. Of warticular interest 1." one reaction of the
purificd EEE virus with foruol, since the virus, inuctivated in this
manner, is used in the itmnization of horses and also, to a lesser
extent, of particularly endangered persons, e.g. laboratory versornel.
4+t formol concentrations below 0.Cl m the protein remains in solution,
but loses homogeneity. Inaciiviation at tnis level is not alwa, s complete
even after two weeks. 4t concentrations above 0.02 m, inactivation is
complete after about 4 days; the protein becomes véry inhonozencous,
however, and ultimtely remuins insoiuble., The virus gracdually becomes
ingoluble also by formol treatment in crude extmct:.on.

The most successful immunization was carried out with socluble
protein, obtained by treatment with 0.0l m formol., 4 sinilar orocess
D perpits the pruduction of a gjood vaccine against Venezuelan equine en-

' cephalitis. «:cecording to Ten Eroeck, inactivation of WEE without loss of
antigenic activity is possible also with mustard gas. Various data exist
on the efficacy of formol vaccines in man. They produce a solid immunity,
for neuiralizing antivodies were demonstrated even 2 years later, although
complement fixation was absent. .antibodies are found also in the cerebro-
spinal fluid of rubhits. .ccordin;ly, they are able to penebrate tue
liquor and assure protection aguinst intrucerebral infections. This
observation may not be generalized, however; thus no protective affect
against intracerebral infections can be induced in guinea pigs.

The viruses of .merican rquinc encepinalitis have served extensively
as models for general immunological studies (Olitzky, Sabin).

b) The virus of Venezuelan couine cucephulitis.

The virus of Venezuclan cquine encepinslitis, just as the strain
previously discussed, occurs orincipally ia .orses and mules in Central
and South america, tut infections of man are also known. iittle is
known about its morphology. (#or imuwunization sce p. 203).
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